• This paper was published in Optics Letters and is made available as an electronic reprint with the permission of OSA. The pa- For the full text of this licence, please go to: http://creativecommons.org/licenses/by-nc-nd/2.5/ A diverse range of techniques, including for example electronic speckle pattern interferometry and digital holography, provide full-field non-contact displacement maps of the surface response of components to external loads [1] . A major limitation, however, is that only indirect information can be obtained about the component's internal deformation state. A second family of interferometric techniques known as optical coherence tomography (OCT) has been developed since the early 1990s for imaging within weakly scattering media. Traditional OCT applications are mostly medical and the phase data has tended to be neglected in comparison with the magnitude data which encodes the sample microstructure [2] . The idea of combining the strengths of both families (i.e., the high displacement sensitivity of speckle interferometry with the depth sensing capabilities of OCT) has been recently investigated by a number of authors in the field of optical metrology [3] [4] [5] [6] [7] . One of the most promising of these techniques is phase contrast spectral OCT which, without any moving parts, has the ability to generate a 2D tomographic image. Depth-resolved phase information encoded in the recorded data enables the evaluation of the displacement field in the depth-resolved slice. Conventional spectral OCT setups are based on coaxial illumination and observation of the sample, which only provides outof-plane sensitivity [7] . In this letter we present an optical system which can measure both in-plane and out-of-plane depth-resolved displacements with interferometric sensitivity within a scattering object in the same acquisition process. index n 1 =1.51. G 2 was firmly fixed to a rigid support and G 1 was free to move, just held by the bonding force of the polymer layer. In order to introduce simple shear the second glass plate was displaced a known distance by using a mechanism driven by a micro positioning stage.
For oblique illumination in the plane yz at an angle θ to the z axis, the phase difference due to object deformation is [8] : 
According to Eqs. (2) and (3), with θ =5.7° and θ r =3.7° the resulting out-of-plane and in-plane sensitivities were 0.14 and 4.2 µm per fringe, respectively. Refraction at the glass/elastomer interface changes the out of plane sensitivity by only 2% due to the slight variation in refractive indexes n 1 and n 2 . With the object in a reference unloaded state, two interferograms were first recorded for each illumination direction. Simple shear was then introduced by moving the non-supported glass plate parallel to itself by a known distance and two more interferograms were recorded, again for the same illumination angles. The closed loop position control of the tilting mirror that switches between one illumination direction and the other, guaranteed a repeatability better than ±0.125 mrad. Once recorded, the interferograms were processed as follows. First, the wavelength axis was converted to wave number k=2π/λ. The interferograms were then Fourier transformed along the k-axis to obtain the scattering potential in the illuminated cross section in the object. The phase differences due to depth-dependent shear displacements inside the polymer were evaluated for both illumination directions from the Fourier transformed interferograms [9] . One effect of the oblique illumination is a tilt of the reconstructed cross section of the object in the yz plane, reflecting the tilt between the zero delay reference plane and the oblique wavefronts illuminating the object. This tilt is removed by re-referencing the scattering potential corresponding to each illumination direction [8] . The out-of-plane and in-plane phase components are then obtained by adding and subtracting, respectively, the reregistered phase differences for each illumination direction. Figure 3 
